Introduction
Due to budget restrictions, more and more countries have begun to question the use of self-monitoring of blood glucose (SMBG) in their health care systems, especially for patients with type 2 diabetes who are not treated with insulin [non-insulin-treated diabetes mellitus (NITDM)]. 1 Apparently, a multifaceted discussion on what is the best available medical evidence on SMBG 2 meets the pressing financial burdens of third-party payers.
Still, optimal blood glucose management is of utmost importance in diabetes care. Data from the United Kingdom Prospective Diabetes Study revealed that diabetes patients with tighter blood glucose control [expressed as hemoglobin A1c (HbA1c) 7.0%] for 10 years have a 15-33% lower risk of myocardial infarction and a 13-27% lower risk of death than those receiving conventional care (HbA1c 7.9%). 3, 4 On the other hand, epidemiological studies demonstrate that a considerable percentage of diabetes patients do not reach their glycemic targets. 5 Self-monitoring of blood glucose is widely accepted as a tool for effective diabetes management in patients with multiple daily insulin injections (American Diabetes Association guidelines: evidence level A 6 ). Self-monitoring of blood glucose represents an efficient health technology in type 1 diabetes, as this source of information triggers the correct use of insulin and patient behavior in routine care. Through that, medical outcomes and treatment safety are supported positively. 7 This information-based mechanism holds true in NITDM patients, but the effects must be smaller, as their bodies can still produce insulin and regulate blood glucose. Nevertheless, treatment errors of patients, e.g., taking oral antidiabetic drugs like sulfonylurea, playing sports, and not eating, may lead to serious acute complications. 8 The Structured Testing Program (STeP) study, a 1-year, prospective, cluster-randomized, multicenter clinical trial that evaluated the impact of SMBG 9 is a thought-provoking investigative piece of information in the ongoing debate to solve the jigsaw puzzle on the value of SMBG.
STeP Study
Polonsky and colleagues 9 examined in this study (trial registration NCT00674986) the impact of SMBG upon glycemic control and general well-being in 483 poorly controlled NITDM patients. In this two-armed study, physician practices were assigned to integrated treatment protocols:
A. The so-called active controlled group (ACG) can be described as being a diabetes guideline approach, with quarterly visits of patients and training of patients. This protocol included SMBG, and it showed a drop of -0.9% in HbA1c levels over 52 weeks.
B. The other so-called structured testing group (STG) of patients received the same handling, but on top of it, patients were asked at months 1, 3, 6, 9, and 12 to perform a seven-point blood glucose profile on three consecutive days and to document this on a paper form before seeing their doctor. The adherent patients in this study arm improved even more to -1.2% in HbA1c levels (Δ = -0.3%, p = .04).
Test strip consumption decreased during the course of the study in both treatment arms. Overall, mean SMBG use over 12 months was 1.2 tests/day for ACG versus 0.9 tests/day for the STG cohort, which represents a 25% difference in annual test strip consumption.
Several results of this study were discussed as being remarkable, 10 but one, which, so far, has only been published in a poster at the European Association for the Study of Diabetes congress 2010, 11 is particularly inspiring:
Although the test frequency in the STG group was significantly lower than in the ACG group, a statistically significant "dose-dependent" response expressed as a number of applied glucose tests per year and the reduction of HbA1c level was noted for both groups (Figure 1) .
Dose-effect relations play an important role in clinical drug testing. In phase II trials, future drug compounds shall demonstrate a dose-effect relation in order to find out the best dosage for patients. In many cases, effect and adverse reactions have to be balanced.
Objective
The STeP study results suggest a working hypothesis: a positive correlation between frequency of SMBG and improving HbA1c levels (FA effect) can be found in managed diabetes care settings involving structured information exchange between patients and physicians.
Available Evidence
A structured literature search for frequency of SMBG and HbA1c based on the search string "diabetes mellitus, type 2 AND blood glucose self-monitoring AND hemoglobin A, glycosylated AND frequency" reveals only a few studies and publications in this field (96 hits in PubMed). Bonomo and associates 12 also found a positive correlation between frequent SMBG tests and better HbA1c levels in a small monocentric Italian study on 273 type 2 diabetes patients performing a structured SMBG protocol.
Apart from this we see scarce and conflicting evidence. Karter and coworkers 13 reported in their retrospective study the association between SMBG test frequency and glycemic control in two cohorts during a 4-year observation period. One cohort included 16,091 SMBG naïve patients starting SMBG use at baseline ("new users").
A second cohort with 15,347 "prevalent users" included diabetes patients already using glucose test devices at baseline. There was a prominent and test-frequencydependent improvement in HbA1c after implementation of SMBG. This SMBG-frequency-dependent effect was particularly observed in drug-treated patients, which suggests that SMBG-related feedback may help patients to understand the impact of lifestyle and treatment on their glycemic control.
Schutt and associates 14 found a positive correlation between testing frequency and HbA1c levels in a large sample of 24,500 diabetes patients from the German DPV-Wiss database in type 1 diabetes patients and insulin-treated type 2 diabetes patients but not in NITDM patients. An assessment of National Health and Nutrition Examination Survey III data did not find any relation between frequency of SMBG and HbA1c levels. 15 A small study by Scherbaum and colleagues 16 evaluated 202 type 2 diabetes patients over 12 months. They had a stable metabolic control and a mean HbA1c of 7.2% at the beginning of the trial. This experiment did not show a frequency effect of SMBG on HbA1c.
Discussion
The hypothesis of the FA effect is far from being established because of scarce available evidence. One cannot claim causation at this time. Yet the possible relation between testing frequency and HbA1c should not be neglected easily and should be studied in future trials. The Karter and coworkers 13 study based on a large data sample of the Kaiser Permanente health maintenance organization is by far the study with the most type 2 diabetes patients analyzed for the relation of SMBG frequency and HbA1c levels. These findings and the significant as well as relevant results of the STeP study direct the researcher's attention to the question, how is SMBG information utilized in the most efficient way?
Medicare NITDM beneficiaries may use 100 test strips and 100 lancets every 3 months. 17 Instead of testing regularly once a day, the STeP study results suggest using a cluster approach: a seven-point blood glucose profile on three consecutive days had been performed, documented on a simple paper form, and presented to the treating physician. Polonsky and colleagues 18 explain the positive effect of SMBG in their study with better patient adherence and the increased use of SMBG information for treatment decisions by physicians in the STeP study. This efficacy of a cluster approach is supported by other authors. 19 The study by Bonomo and associates 12 suggests that trained patients are competent in using the available blood glucose information.
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We regularly see that achievable treatment objectives are not met. 5 Diabetes patients are dependent on themselves for 99.9% of their life with this chronic disease. It is a goal for patients to feel safe and to know what their "performance" is in preventing acute and late complications of diabetes. Adjusting medication or changing lifestyle requires knowledge about blood glucose as a prerequisite. Do patients have a "right to know their number"? Apparently, the alternatives to SMBG are not convincing, and this is why both patients and physicians oppose the threat of losing SMBG as treatment support. 20, 21 Since the very beginning of modern diabetes therapy, the discrepancy between blood glucose and urine glucose was detected and discussed, e.g., in the 1919 work of Williams and Humphreys. 22 This effect is caused by multiple influences such as drinking, eating, physical activity, and the simple fact that the glomerular filtration rate varies. 23 Change in the renal glucose thresholds caused by the progression of diabetic glomerulosclerosis and increasing age lead to relevant inter-and intraindividual variation of renal glucose excretion. 24 An HbA1c value, ascertained two to four times a year, 6, 25 is an important screening and quality-assurance parameter. However, the HbA1c level is an aggregated indicator cumulating the blood glucose level over the past 3 months, and it is of lesser value when adjusting diabetes medications.
With the increasing demand of the health care systems for efficiency, i.e., a balance between medical outcomes and economic burdens, it is not enough just to prescribe glucose meters and test strips. Diabetes doctors need more clinical trials evaluating the best practice in SMBG, or they risk losing this health technology. The Canadian Optimal Medication Prescribing and Utilization Service report and the Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesenis (Institute for Quality and Efficiency in Healthcare) statement on SMBG versus urine glucose measurement pave the way to cancelling SMBG for NITDM. 1, 26 More research is needed evaluating structured SMBG in NITDM patients to consolidate or reject the hypothesis of the FA effect.
Conclusion
Data from the STeP study along with results from other clinical trials and registries suggest that more emphasis should be placed on a structured approach to use SMBG and to address adherence to testing and therapy. Future research on SMBG should consider a potential correlation between testing frequency and level of glycemic control.
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